
701www.eymj.org

INTRODUCTION

Inherited retinal diseases (IRDs) refer to a large group of clini-
cally and genetically heterogeneous disorders characterized 
by photoreceptor degeneration or dysfunction.1 RPE65-medi-
ated retinal dystrophy is one type of IRD in which mutation of 
the RPE65 gene leads to inhibition of RPE65 all-trans-retinyl 
isomerase activity, thereby leading to decreased levels of rho-
dopsin and eventually to photoreceptor and retinal pigment 
epithelium (RPE) cell loss.2,3 Early symptoms include night 
blindness and nystagmus, with progressive deterioration in vi-
sual acuity (VA) and visual field (VF). Disease onset ranges from 
congenital to late adulthood.3,4

Gene therapy is a new treatment option for IRD patients. 
Adeno-associated viral (AAV) vectors represent the most prom-

ising approach for IRDs as they lack pathogenicity, exhibit min-
imal immunogenicity, and mediate sustained levels of trans-
genic expression.3,5 As retinal cell degeneration is irreversible, 
vector efficacy depends on the number of viable cells available, 
as well as the ability to reach target cells effectively.3,5 Voretigene 
neparvovec-rzyl (VN; brand name Luxturna®, Spark Therapeu-
tics Inc, Philadelphia, PA, USA) is the first approved recombi-
nant AAV vector-based gene therapy designed to deliver a 
functioning copy of the human RPE65 gene into viable RPE 
cells via a single subretinal injection, providing the potential to 
restore visual cycle.3 We report the clinical outcomes of a patient 
who was treated with VN. Written informed consent was ob-
tained from the patient.

CASE REPORT

A 30-year-old female patient visited our clinic for progressive 
vision loss. She first presented to us at age 2 with low vision. 
There was no known ocular disease in her family except for 
her younger brother who complained of low vision. The pa-
tient underwent vitrectomy for macular holes in her right eye 
at age 27. Preoperative best-corrected visual acuities (BCVAs) 
were 20/500 in the right eye and 20/200 in the left eye. Dilated 
fundus examination revealed salt-and-pepper mottling (Fig. 
1A-1 and B-1). Her bilateral VF was severely constricted (Fig. 
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2A-1, A-4, B-1, and B-4). Spectral-domain optical coherence to-
mography (OCT) revealed outer retinal and RPE atrophy (Fig. 
1A-4 and B-4). Preoperative full-field stimulus threshold test 
(FST) for her left eye showed -3.13 dB for white signals. Genetic 
testing identified c.1543C>T and c.1067dupA biallelic com-
pound heterozygote mutations in the RPE65 gene.6-9 

Three days before injection, the patient was given oral corti-
costeroids (40 mg/day) in order to counteract any potential im-
munization effects of the viral vector and transgene.10 The active 
substance and solvent of VN were stored at a temperature below 
-65°C and thawed at the time of use. The preparation of VN took 
place aseptically. Under general anesthesia, 25-gauge pars pla-
nar vitrectomy was performed on the left eye. After a core vit-

rectomy and induction of posterior vitreous detachment, we 
injected VN subretinally, superonasal and inferonasal to the 
fovea, with a 41-gauge cannula, resulting in two blebs (Fig. 3). 

As early as 1 month after treatment, the patient noted sub-
jective improvement in central vision of her left eye though 
BCVA (20/400) did not show improvement. BCVA in her left 
eye improved to 20/100 at 3 months. For her right eye, BCVA at 
1 and 3 months remained at 20/500. Humphrey and Goldma-
nn VF tests revealed improved central VF at 1 and 3 months in 
her left eye (Fig. 2A-2, A-3, A-5, and A-6), but not in the right 
eye (Fig. 2B-2, B-3, B-5, and B-6). Based on results from wors-
ening Humphrey VF and stationary BCVA in her right eye, we 
concluded that that Goldmann VF at 3 months for her right 
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Fig. 1. Wide fundus images of the left eye before gene therapy (A-1), 1 month after treatment (A-2), and 3 months after treatment (A-3). Optical coher-
ence tomography (OCT) scans of the fovea in the left eye before gene therapy (A-4), 1 month after treatment (A-5), and 3 months after treatment (A-6). 
Increased foveal reflex is noted in fundus images with time. OCT images show more definite foveal outer retinal layers with time (square brackets). 
Wide fundus images of the right eye at baseline (B-1), 1 month (B-2), and 3 months (B-3). OCT images of the right eye at baseline (B-4), 1 month (B-5), 
and 3 months (B-6).
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eye was not taken accurately. VF index (VFI) in the left eye in-
creased from 9% preoperatively to 10% and 11% at 1 and 3 
months, respectively. VFI in the right eye decreased from 10% 
preoperatively to 8% and 5% at 1 and 3 months. Though wide 

fundus photographs of the left eye did not show noticeable 
changes, compared to her right eye, during the 3 months of fol-
low up (Fig. 1A-2, A-3, B-2, and B-3), her OCT scans of the left 
eye showed more distinct photoreceptor inner segment/outer 

Fig. 2. Humphrey visual field (VF) tests of the left eye before gene therapy (A-1), 1 month after treatment (A-2), and 3 months after treatment (A-3). 
Goldmann VF tests of the left eye before gene therapy (A-4), 1 month after treatment (A-5), and 3 months after treatment (A-6). Both tests show that 
the patient’s central VF improved with time after treatment. Humphrey VF tests of the right eye at baseline (B-1), 1 month (B-2), and 3 months (B-3). 
Goldmann VF tests of the right eye at baseline (B-4), 1 month (B-5), and 3 months (B-6).
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segment junction line up to 3 months, compared to her right 
eye (Fig. 1A-5, A-6, B-5, and B-6). FST results for white signals 
improved to -23.4 and -29.8 dB at 1 and 3 months, respective-
ly. The patient did not show any signs of adverse effects, in-
cluding, intraocular inflammation, macular hole, and retinal 
detachment (Fig. 1A-2 and A-3). 

DISCUSSION

VN is the first and so-far the only gene therapy for IRDs. Unlike 
other treatments, such as nutritional supplement for macular 
degeneration, VN is a durable therapy tantamount to cure of 
RPE65-mediated early onset RP [Leber congenital amaurosis 
(LCA)]. The longstanding efficacy of VN is derived from the 
fact that the therapeutic gene is incorporated into the cell nu-
cleus as a stable extragenic episome, designed to be expressed 

constitutively.11 
RPE65-mediated early onset retinitis pigmentosa (RP) (LCA) 

is known to cause night blindness, substantial loss of vision, 
and progressive VF loss during the first three decades of life.6,12 
Patients over age 30 suffer from near-total blindness.13,14 At age 
9, this patient showed severe rod-cone dysfunction on electro-
retinography with peripheral retinal pigmentary change. By 
age 15, her peripheral VF was substantially constricted. At age 
30, BCVA was 20/200, and VF was severely constricted in her 
left eye, indicating advanced stage. The indication for VN is 
that the patient must have viable retinal cells, with retinal 
thickness at the posterior pole greater than 100 μm. Despite 
being at an advanced stage, the patient was considered appro-
priate to undergo VN because the outer retina was preserved 
and retinal thickness at the posterior pole was 141 μm. We de-
cided to treat only her left eye as her right eye had been treat-
ed with macular hole operation, which would have drastically 

Fig. 3. Intraoperative images of subretinal injection blebs. Formation of the bleb at the superonasal fovea (A), complete formation of the superonasal 
bleb (B), formation of the bleb at the inferonasal fovea (C). Blebs were no longer observed as early as postoperative day 3 (D). Blebs are marked with 
white arrowheads. 
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reduced the efficacy of VN. After treatment, the patient 
showed improvement in VF and FST at 1 month, which con-
tinued to improve at 3 months. Drastic improvement in BCVA 
may have been limited due to the fact that BCVA is a measure 
of foveal, cone-mediated function and that BCVA was not the 
primary target of the intervention in this rod-mediated dis-
ease.14 Moreover, our patient already showed signs of advanced 
disease. Previous reports have indicated that young children 
with better VA and a relatively preserved outer retinal layer 
show the greatest improvement, compared to adults.15,16 The 
patient in this study experienced visual improvement that 
cannot be simply measured by BCVA or VF tests. She claimed 
that she is now able to see objects clearly and to walk indepen-
dently at night.

One limitation of AAV vectors include their limited packag-
ing capacity. Treatment of IRDs caused by mutations in genes 
whose coding sequence exceeds 5 kb require dual AAV vectors 
or other vectors with larger packing capacity.5 In addition, due 
to the rarity of the disease, large-scale, long-term follow-up re-
sults are limited. However, recent reports have shown that VN 
improved visual function up to 3 to 5 years.17,18

We report the post-treatment outcomes of VN in RPE65-me-
diated early onset RP. With careful patient selection, VN is an 
effective therapy that leads to improvement in visual and ana-
tomical outcomes in RPE65-mediated early onset RP (LCA) 
within months. Continued long-term observation is planned.
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